DOWNIE, S. R. 1988. Morphological, cytological, and flavonoid variability of the Arnica angustifolia aggregate (Asteraceae).
Introduction
Arnica angustifolia sensu lato (Asteraceae) is one of a number of complex aggregates in subgenus Arctica. Delimitation of taxa within this aggregate has been difficult owing to the polymorphic, apomictic, and polyploid nature of these plants. The apparent intergradation in morphology between the members of this aggregate has promoted considerable taxonomic confusion.
In his major treatment of the aggregate, Maguire (1943) recognized seven taxa: subspecies angustifolia, attenuata, tomentosa, sornborgeri, intermedia, iljinii, and alpina (subspecies genuina being illegitimate) of Arnica alpina (L.) Olin. Ferguson (1973) , however, has rejected the commonly used name of A. alpina because it is a later homonym of A. alpina Salisb., a Doronicum species. The next available name, A. angustifolia, was proposed by Vahl in 1816 for plants collected in Greenland. Since then, the name A. angustifolia Vahl has been variously attributed to different plants of North America, Europe, and the USSR.
Circumpolar in distribution, these taxa occupy distinct geographical areas. Subspecies angustifolia is widespread throughout the North American arctic, found from Greenland west to Alaska and south to the Northwest Temtories. Subspecies attenuata is more inland and southern, ranging from central Alaska eastward to northern Manitoba and Ontario. Subspecies tomentosa and sornborgeri form the southern radiants, the former found in western North America with dis-'Present address: Department of Biology, University of Ottawa, Ottawa, Ont., Canada KIN 6N5. junct populations in Newfoundland and the latter in eastern North America, distributed from Hudson Bay through northern Quebec to Newfoundland. Subspecies intermedia is a very localized population of the Okhotsk region in western USSR, whereas subspecies iljinii, according to Maguire (1943) , is widespread throughout arctic Siberia. Subspecies alpina is found in northern Scandinavia and Spitsbergen.
Previous studies have recognized the morphological variation within A. angustifolia (Maguire 1943; Benum 1958; Polunin 1959; Engell 1970; Ediger and Barkley 1978; Douglas 1982) . Plants have been described from the Northwest Temtones (Raup 1947) and Greenland (Jorgensen et al. 1958 ) that fit into the circumscription of subspecies alpina from Scandinavia. Ediger and Barkley (1978) have stated that "the species consists of some seven thoroughly integradient varieties, each of which is variable and might sometimes be mistaken for another variety in the absence of geographic data." Characters previously used to distinguish these taxa include the presence of long stipitate-glandular hairs within the periclinium; plant height; number of pairs of cauline leaves; number of capitula; leaf and periclinium pubescence; and the lengths of the achenes, disc corollas, and teeth of the ray florets. However, I have observed that these characters are confluent and variable, suggesting that the subspecies may not be very well separated. In addition, a great deal of variability was evident within each taxon.
In North America, taxonomic treatments range from recognition of one species, composed of four confluent varieties (Ediger and Barkley 1978) , to four separate species (Rydberg 1927) . In Europe and the USSR, Iljin (1961) has recognized subspecies alpina, intermedia, and iljinii at the species level.
Arnica plantaginea Pursh, a taxon closely related to A. angustifolia subsp. sornborgeri, has been distinguished from the latter solely on possession of oblanceolate involucral bracts (Maguire 1943) . Its range, similar to that of A. angustifolia subsp. sornborgeri, extends from Labrador westward to the northeastern shore of Hudson Bay. Ediger and Barkley (1978) have, without comment, combined this taxon with A. angustifolia subsp. sornborgeri as A. alpina var. plantaginea. During this study, I have noticed that the morphological differences between these taxa are minimal, and these oblanceolate bracts characteristic of A. plantaginea can be found in A. angustifolia. For this reason, specimens annotated as A. plantaginea have been included within the A. angustifolia aggregate.
The basic chromosome number for Arnica was shown by Bocher and Larsen (1950) and Ornduff et al. (1967) to be x = 19, with cytotypes of 2n = 38, 57, 76, and 95 being reported. Previously reported chromosome counts are summarized in Table 1 .
The primary purpose of this study was to investigate the presence and extent of morphological variability in geographically delimited samples of the aggregate from throughout its range and to correlate the morphological variability with chromosome number and flavonoid chemistry. A revised classification of the aggregate will be prepared based on the information obtained.
Materials and methods

Field studies and collections
Field collections of the western North American members of the A. angustifolia aggregate were made during the summers of 1982 to 1985. Materials for morphological, flavonoid, and experimental analyses were collected from 109 populations. A voucher specimen for each population collected from the field, as well as those cultivated in the greenhouse, was deposited at the University of Alberta Vascular Plant Herbarium (ALTA). Live plant material was transplanted from the field and transported to the University of Alberta Phytotron for cultivation. Achenes of taxa from Scandinavia, USSR, and eastern Canada were provided by the following botanic gardens: V. L. Komarov Botanical Institute, Leningrad; Main Botanic Garden, Moscow; Botanical Garden of Bochum, West Germany; Botanical Garden of the University of Uppsala, Sweden; and the Botanic Garden of the University of Copenhagen.
Phenetic analyses
A study of herbarium specimens from throughout the entire range of the aggregate, comprising type material and approximately 800 specimens, involved material from or visits to the following herbaria: ALA, ALTA, C, CAN, GH, ICEL, L, MT, NY, MONT, 0 , PH, RM, SASK, UBC, and US. A list of representative specimens, too numerous to be included in this paper, can be supplied by the author upon request. After tentative identification, a sample of 99 specimens was drawn which fell into the circumscription of the aggregate (refer to Downie, 1987 , for a listing of these specimens). Since taxonomic boundaries among the previously recognized infraspecific taxa (sensu Maguire) were difficult to ascertain because of the polymorphism exhibited by these plants, the specimens used in the phenetic analyses were selected from six broadly delimited geographic areas throughout the aggregate's range. These specimens were also selected to reflect the apparent morphological variability encountered within each area. Delimitation of these areas was as follows: 1, eastern Canada; 2, central Canada and Montana; 3, arctic Canada and Alaska; 4, northern Scandinavia and Spitsbergen; 5, USSR, and 6, Greenland. The occurrence of regional morphological differentiation in A. angustifolia and A. plantaginea was investigated by determining the means, standard deviations, and ranges for 14 quantitative characters (see Table 2 ).
To assess phenetic relationships, 17 floral and 9 vegetative characters (comprising 16 strictly continuous characters and 10 ordered multistate characters) were chosen (Table 3) . Criteria for character selection and quantification are described in Downie (1987) .
To explore the taxonomic structure of the aggregate, cluster and principal component analyses (PCA) were performed using the SAS Statistical Package (SAS Institute Inc. 1985) and the computing facilities at the University of Ottawa. Data were standardized and used to calculate the dissimilarity matrix using squared Euclidean distance. Phenograms were generated using average linkage clustering (UPGMA) because it gave the least amount of distortion between the matrix and the phenogram, as indicated by the highest cophenetic correlation coefficient, than other similarity -dissimilarity coefficients. Standardized data were also used in the principal component analysis to observe variation in the data set. The data matrix utilized in these numerical analyses is presented in Downie (1987) .
Cytological and pollen viability analyses
Methodologies used for acetocarmine root-tip squashes and pollengrain viability testing have been previously published (Downie and Denford 1986~) . Voucher slides for each examined collection are filed at ALTA.
Flavonoid analysis
Determination of foliar flavonoid constituents within the A. angustifolia aggregate was accomplished using the modified procedures of Mabry et al. (1970) , RiberCau-Gayon (1972) , and Markham (1982) . The precise methodology for the isolation and identification of Arnica flavonoids is reported in Downie and Denford (1986b) . Owing to the limited availability of material from eastern Canada, Europe, and the USSR, extensive chemical analyses were only canied out for those taxa from western North America. Ninety-two collections of A. angustifolia were analyzed in this study. Collections from Greenland have also been included, but again, because of sparse material, flavonoid determination was not accomplished through exhaustive extraction and examination but rather by comparing the profiles obtained with those of A. angustifolia from Canada. Eight collections from Greenland were examined in this manner.
Results
Morphological variation
The wide range exhibited in plant height, leaf size and shape (Fig. l) , glandularity, number of capitula, capitulum size, and the length of the teeth on the ligulate florets is evident in A. angustifolia. By using Gabriel's modification of the GT2-method for multiple comparisons among pairs of means for unequal sample sizes (Sokal and Rohlf 198 I) , no significant differences (P = 0.05) were found among the means of 14 characters from specimens collected in six broadly delimited geographic areas (Table 2 ). Character variation among plants from each of these areas was found to be nearly continuous, suggesting that the taxa are not morphologically distinct. These characters have been previously used to delimit infraspecific taxa within A. angustifolia (Maguire 1943) . A collection of OTUs (operational taxonomic units) possessing densely villous leaves and stems, small entire leaves, and a single (rarely three) capitulum from 2 of the 6 geographic areas was discerned.
Cluster analysis
A phenogram for the 99 OTUs of the A. angustifolia aggregate was constructed using UPGMA (Fig. 2) Barker 1967 Wolf 1980 Wolf 1980 Wolf 1980 Wolf 1980 Wolf 1980 Wolf 1980 Wolf 1980 Love and Love 1975 Mulligan and Porsild 1970 Love and Love 1975 Hedberg 1967 Barker 1967 Zhukova 1966 Zhukova 1967 Sokolovskaya 1970 Zhukova and Petrovsky 1976 Zhukova et al. 1977 Zhukova and Petrovsky 1972 Zhukova et al. 1973 Love and Love 1975 Zhukova 1964 Wolf 1980 Wolf 1980 Wolf 1980 Love and Love 1975 Straley 1979 consisting of 58 OTUs of A. angustifolia from throughout its uata, iljinii, intermedia, and sornborgeri. Cluster 2 includes range. These OTUs represent collections obtained from Scan-13 OTUs possessing densely villous leaves, stems, and involudinavia, USSR, Spitsbergen, and across North America from cral bracts. glandularity and numerous narrow ligulate florets. With the exception of bearing these two anomalous traits, this plant is similar to those in cluster 1. Cluster 4 includes five OTUs from eastern Canada. These OTUs are represented by small plants with linear to narrowly lanceolate leaves, and short teeth on the ligulate florets. All 18 OTUs in cluster 5 possess three to five capitula per stem and are slightly larger in habit than those OTUs in cluster 1. Although most OTUs in this cluster represent plants from the southern and eastern North American ranges of A. angustifolia, some are representative of those from USSR and Greenland. These OTUs have been previously recognized as A. plantaginea and the subspecies angustifolia, alpina, attenuata, iljinii, and sornborgeri of A. angustifolia. The number of capitula and height of the plant have traditionally been used to distinguish between some of the subspecies of A. angustifolia. However, I have observed that when plants collected from throughout the range of the aggregate are grown alongside one another, all are morphologicallyindistinguishable and possess three or more capitula.
The hierarchical ordering prevalent during phenogram production cannot specify all inter-OTU relations. In addition, some linear ordering is necessary when the phenogram is produced on the printed page. Adjacent OTUs may be quite dissimilar, or OTUs in widely separated parts of the phenogram may be more similar to one another than to their ieighbours. Cluster 6 comprises two OTUs from Alberta and Yukon that are characterized by smaller achenes and narrower involucral bracts than those plants in cluster 1. They represent no more than an end point in the normal range of morphological variation. Cluster 7 contains two anomalous specimens of A. angustifolia subsp. tomentosa collected in-Newfoundland. These two specimens are characterized by large capitula, broadly lanceolate bracts that are not densely villous, and wide ligulate florets and should be most closely related to those OTUs in cluster 2. Results of UPGMA cluster analysis and greenhouse investigations suggest that the Arnica angustifolia aggregate may be composed of two major groups: a polymorphic A. angustifolia subsp. angustifolia and A. angustifolia subsp. tomentosa.
Principal component analysis
Of the 26 components that accounted for the total variance of the data, the first three principal component axes accounted for 49.8 % (26.0, 14.8, and 9.0% respectively). The remaining 23 component axes each accounted for 8.1 % or less of the remaining variance. Group separation was achieved by plotting the component scores for axes 1 and 2 ( Fig. 3) and axes 2 and 3 (Fig. 4) . In both plots, the 13 OTUs comprising A. angustifolia subsp. tomentosa formed isolated groups, with Can. J. Bot. Downloaded from www.nrcresearchpress.com by Canadian Science Publishing on 06/16/15
For personal use only. OTUs 29 and 30 marginal to the main groups. These two deviant OTUs also failed to cluster with subspecies tomentosa in the phenogram. All remaining OTUs could not be separated by the PCA but rather formed a large, loose group. Six characters contributed greatly to the total variance in principal component axis 1. ~1 n decreasing order of importance, these characters were disc corolla length, capitulum height, basal leaf length, disc corolla tube length, involucral bract length, and ligule length. OTUs with high positive loadings (e.g., OTUs 30, 39, 47) had large capitula, disc corollas, ligulate florets, involucral bracts, and basal leaves. Conversely, OTUs with high negative loadings (e.g . , OTUs 5, 56) possessed low values with respect to these characters. Characters having a pronounced effect on the ordination of OTUs in principal component axis 2 included, in descending order of importance, stem, leaf, involucral bract, pericliniuG, and peduncle pubescence and involucral bract width and achene length. OTUs with loadings greater than 3.0 (OTUs 17 to 31) possessed densely villous stems, leaves, and involucral bracts, long achenes, and wide involucral bracts. OTUs with loadings lower than -3.0 (e.g., OTUs 32, 47, 89) were characterized by sparse stem pubescence and glabrous leaves as well as shorter achenes and narrower involucral bracts.
Characters contributing significantly to the total variance in principal component axis 3 included, in decreasing order of importance, basal leaf shape, basal leaf width, ligule tooth length, periclinium and peduncle glandularity, and plant height. Five OTUs (OTUs 33, 34, 36, 38, 45) had loadings less than -3.0 and were represented by small plants possessing linear to narrowly lanceolate leaves, short teeth on the ligulate florets, and abundant glandularity on the periclinium and peduncle; they comprised cluster 4 in the UPGMA phenogram. Conversely, OTUs with high positive loadings on the same axis (e.g., OTUs 1, 9, 81, 89) were generally much taller 
SD
.f -and possessed broader basal leaves, longer teeth on the ligulate florets, and inconspicuous glandularity on the peduncle and periclinium. As previously stated, no significant differences were apparent among the means of these quantitative characters, measured from plants collected in six different geographic regions, which contributed significantly to the total variance in principal component axes 1 and 3. Furthermore, quantitative differences are reduced considerably when plants from these regions are grown together in a common greenhouse. The densely villous plants (OTUs 17 to 3 1) from Newfoundland and western Canada are effectively separated from all other OTUs and are sufficiently distinct to suggest taxonomic recognition. These OTUs have been previously recognized as A. angustifolia subsp. tomentosa. All remaining OTUs will be treated as A. angustifolia subsp. angustifolia.
Comparisons can be made between results of the cluster and principal component analyses. The OTUs comprising cluster 1 were all found to have loadings less than 2.5 on principal component axis 1, whereas the OTUs forming clusters 4 and 5 had loadings greater than 1.0 on the same axis. Sixteen OTUs were confluent between these values, suggesting that these clusters are not very well separated. It is virtually impossible to separate the OTUs forming clusters l and 5 on principal component axis 3; however, those OTUs represented by cluster 4 are easily defined as having loadings less than -3 .O. In both plots, the outlying OTUs 88 and 89 clustered separately in the phenogram. With the exception of OTUs 29 and 30, cluster 2 includes all OTUs in the PCA with loadings greater than 3.0 on principal component axis 2. These OTUs have been defined as A. angustifolia subsp. tomentosa. OTUs 29 and 30, represented by cluster 6, were found to have the highest positive loadings on principal component axis 2 and, as observed in the PCA, are most similar to A. angustifolia subsp. tomentosa. arity: inconspicuous; abundant ent in A. angustifolia subsp. angustifolia, in agreement with published counts by Engell (1970) and Wolf (1980 tomentosa are in agreement with those previously published by ploid and tetraploid individuals are widely scattered through- Love and Love (1975) , Straley (1979) , and Wolf (1980) . No out previously glaciated areas. evidence of aneuploidy was found.
Plants having chromosome numbers of 2n = 38 show a very Pollen viability close correlation with nonglaciated areas (Fig. 5) . This sexual
Relationships among pollen quality, method of reproducphase is prevalent throughout unglaciated Alaska and west tion, and ploidy level in Arnica have been discussed previously central Yukon with some colonization of the glaciated areas (or (Barker 1966; Downie and Denford 1986a possessed pollen more than 95 % viable, indicative of amphimictic reproduction and 2n = 38 (Barker 1966) . These specimens were collected from areas in central Alaska and west central Yukon, which were largely free of ice during the time of the last glaciation (cf. Fig. 5 ). Specimens representing the disjunct populations of A. angustifolia subsp. angustifolia, comprising 34 collections from eastern Canada, 33 collections from Scandinavia and Spitsbergen, 10 collections from the USSR, and 33 collections from Greenland, all had less than 10% viable pollen. However, five plants from Greenland had between 25 and 51 % viable pollen. Jorgensen et al. (1958) reported Scandinavian and Greenland tetraploids with fairly regular pollen mother cell meiosis that produce well-formed pollen, suggestive of a polyploid amphimict. Barker (1966) , on the other hand, reports 0 % pollen viability in all Greenland taxa investigated. In this study, all Greenland tetraploids possessed very little viable pollen and had irregularly shaped grains. Of the remaining 124 collections in A. angustifolia subsp. angustifolia, representing plants from northwestern North America, 59 collections (48%) had pollen which was 0 % viable, 56 collections (45 %) exhibited a pollen viability less than 50%, and 9 collections (7%) had between 50 and 85% stainable pollen. All 51 collections of A. angustifolia subsp. tomentosa possessed pollen which was less than 50% viable after staining. The pollen obtained from 32 of these collections (63%) was less than 10% viable. Throughout this study, in those collections where pollen viability was less than 80%, the pollen showed varying degrees of deformity.
Flavonoid analysis
Seven flavonoid glycosides, comprising five flavonols and two flavones, were isolated from 92 collections within the A. angustifolia aggregate from western North America and Greenland (Table 5) the flavones. Arnica angustifolia subsp. angustifolia from Canada and Alaska exhibits the most divergent and numerous flavonoid profiles. However, this may be due primarily to the greater number of collections examined. No differences were apparent between A. angustifolia subsp. angustifolia from Greenland and western North America. Flavonoid profiles obtained from plants representing A. angustifolia subsp. tomentosa matched the two most common profile types in A. angustifolia subsp. angustifolia. Flavonoid variation in A. angustifolia did not correlate with ploidy. Such lack has been reported in other taxa (Glennie et al. 1971; Wolf 1981; Soltis and Bohm 1986) . No intrapopulational variation in flavonoid constituents was observed.
Discussion
The results of this investigations indicate that this aggregate is best treated as two distinct taxa at the subspecific rank: A. angustifolia subsp. angustifolia (a combination of the previously recognized subspecies angustifolia, attenuata, sornborgeri, intermedia, iljinii, and alpina and A. plantaginea) and A. angustifolia subsp. tomentosa. These two phenetic groups are readily distinguished and identified on several continuous and descriptive characters. Arnica angustifolia subsp. tomentosa is a relatively small plant (0.6 to 2.0 dm) possessing one to three capitula and densely villous leaves, stems, and involucral bracts. The periclinium is densely pilose and conspicuously stipitate glandular. Arnica angustifolia subsp. angustifolia is usually a much taller plant (0.5 to 5.4 dm) bearing three to five capitula per stem. Its leaves, stems, and involucral bracts are never densely villous. In many instances, the leaves are often glabrous. The periclinium is usually pilose but never woolly villous; and stipitate glands may be inconspicuous or lacking.
This study also indicates the morphological, cytological, and flavonoid heterogeneity prevalent within A. angustifolia subsp. angustifolia. The transferal of field-collected plants, representing three ploidy levels, to a common garden resulted in diminution of morphological differences, indicating that much of the observed variation in this taxon is attributable to phenotypic plasticity. Davis and Heywood (1963) described good diagnostic characters as not being subject to wide variation nor being easily susceptible to environmental modification. Within A. angustifolia subsp. angustifolia, characters such as plant height; leaf, stem, and periclinium glandularity; capitula number, length, and width; and leaf size were found to be highly plastic and extremely variable. Taxonomic difficulty for this species in the past was primarily due to the frequent use of these characters. I have not seen enough USSR material to state unequivocally that plants representing subspecies intermedia and iljinii (sensu Maguire) are similar to those plants found in North America. Both these taxa are inadequately represented in herbaria and perhaps are not as widespread in the USSR as Maguire (1943) believed. However, the few available specimens annotated by Maguire are wholly confluent with the normal variation in A. angustifolia. When more information on chromosome number and flavonoid chemistry becomes available from the USSR, these plants can be assigned to A. angustifolia subsp. angustifolia with greater certainty.
Four ploidy levels were found within A. angustifolia subsp. angustifolia (2n = 38, 57, 76, 95) and two within A. angustifolia subsp. tomentosa (2n = 57, 76). Ornduff et al. (1967) have suggested that, owing to the small chromosome size in Arnica, counts that do not correspond to this base number are in error and are best treated as approximations. Chromosome counts of 2n = 56 for plants from Norway, Spitsbergen, and the USSR (see Table 1 ) may represent monosomic aneuploidy, or more probably incorrect counts, since chromosome counts obtained from plants originating in these areas during this study were all 2n = 57. Whether the polyploids represent autoploid or amphiploid derivatives of the 2n = 38 diploids is difficult to ascertain. Further discussion is presented in Downie and Denford ( 1 9 8 6~ Considering the distribution of chromosome races in Arnica, Barker (1966) has shown that no well-developed sexual species occurs in a glaciated area and no well-developed polyploid series occurs in an unglaciated area. The presence of relictual diploid elements of otherwise widespread Arnica species in unglaciated Alaska-Yukon has previously been reported by Wolf (1981) and Downie and Denford (1986a) . Results of this study corroborate the existence of sexual elements in unglaciated areas and confirm the presence of 2n = 38 A, angustifolia, evidently widespread, throughout this area.
Flavonoid profiles within the A. angustifolia aggregate are relatively simple, with two to five compounds per population. Within A. angustifolia subsp. angustifolia, 11 different flavonoid profiles are apparent; whereas A. angustifolia subsp. tomentosa has only two profile types. The two most common flavonoid profile types in A. angustifolia are prominent in A. frigida and A. lonchophylla, also of subgenus Arctica (Downie 1987) . Flavonoid profile similarities between these taxa allude to their close affinity. Within A. angustifolia subsp. angustifolia, flavo'noid diversity appears to have accompanied high morphological variability. With the prevalence of apomixis in this species (Barker 1966) , and the large amount of morphological variability exhibited, much of the flavonoid variation probably reflects genetic heterogeneity from population to population. Considerable flavonoid variation has already been found in two other widespread and polymorphic species of Arnica: A. cordifolia (Wolf 1981) and A. frigida (Downie and Denford 1986b) . In contrast, A. angustifolia subsp. tomentosa, consisting of only two chromosome races, exhibits little morphological and flavonoid variability. Gustafsson (1947) has suggested that apomixis and polyploidy are probably largely responsible for the morphological variability encountered within Arnica. In an investigation into the embryology of A. angustifolia subsp. angustifolia from Greenland, Engell (1970) observed "a number of apomictically propagating subunits. " In this study, morphological differentiation (and flavonoid composition) was not found to correlate with ploidy . The interaction among plasticity, apomixis, and polyploidy has no doubt created the variable morphology and flavonoid chemistry evident in A. angustifolia subsp. angustifolia.
The similarities in morphology, cytology, and flavonoid chemistry between the two groups of taxa identify them as a species aggregate, separated by the suite of characters listed above. The gradation of these two groups has been previously suggested (Maguire 1943) but was not apparent during the course of this study. Putative hybrids between A. frigida subsp. frigida and A. angustifolia subsp. tomentosa, treated as A. louiseana var. pilosa (Maguire 1942) , have already been shown not to occur (Downie and Denford 1986a) . Intraspecific crosses between A. angustifolia subsp. angustifolia and A. angustifolia subsp. tomentosa were unsuccessful. Although Douglas (1982) has admitted A. lonchophylla Greene as a subspecies of A. angustifolia, recent evidence indicates that the former is a separate species, albeit closely related to A. angustifolia (Downie 1987) .
Phytogeography
The allopatric distribution of A. angustifolia suggests that in pre-Wisconsinan times these taxa, or their precursors, had a more continuous distribution across North America, Europe, and the USSR. With the advance of the late Wisconsinan glaciation their intervening ranges were eradicated. To adequately explain the present-day distribution of A. angustifolia, it is necessary to postulate the survival of these plants during the late Wisconsinan in unglaciated areas north and south of the ice sheet or, perhaps, in smaller refugial areas surrounded by ice.
During the late Wisconsinan, extensive unglaciated refuges existed in eastern Siberia Velichko et al. 1984) , northern Alaska (HultCn 1937; Prest 1984) , northern and central Yukon (Rutter 1984) , Banks Island, N.W.T. (Vincent 1984) , and the Queen Elizabeth Islands, N.W.T. (Prest 1984) ; these acted as centres of biotic dispersal after glaciation. Portions of Kodiak Island, Alaska (Karlstrom and Ball 1969) , coastal Greenland (Bocher 1963) , and western Scandinavia (Gjaerevoll 1963) were also unglaciated during this time. Moreover, the lower sea level during maximum glaciation (Hopkins 1973) resulted in the emergence of the continental shelf between Alaska and the USSR, permitting plant migration between the two continents (Murray 1981) .
Increasing evidence for an ice-free comdor, a strip of land positioned between the Laurentide and Cordilleran glaciers, which remained ice-free during the late Wisconsinan glaciation (Alley 1973; Stalker 1977; Fulton et al. 1984a; Rutter 1984) , suggests that the area just east of the Rocky Mountains may have provided refuge for a number of plant species.
Late Wisconsinan glaciation in Atlantic Canada consisted largely of local ice caps (Fulton et al. 1984b ). Geological and geographical evidence corroborates the existence of ice-free areas during this period in the Gasp6 Peninsula of Quebec (HCtu and Gray 1981; Lafrenikre and Gray 1981; Grant and King 1984; Prest 1984) , western Newfoundland (Brookes 1977; Grant 1977) , northern Labrador and southeastern Baffin Island (Ives 1963; Prest 1984) , southwestern Nova Scotia (Grant 1977) , and localized coastal and highland regions in New Brunswick (Grant and King 1984) , which may have provided refugia for the late glacial vegetation. In addition, portions of the continental shelf remained unglaciated during the late Wisconsinan (Grant and King 1984; Prest 1984) ; from here vegetation later recolonized eastern Canada as the ice sheet melted (Morisset 1971; Terasmae 1973) .
The prevalence of amphimictic (2n = 38) A. angustifolia in unglaciated parts of Yukon and Alaska intimates the survival of the species in this area during the late Wisconsinan, with subsequent migration of polyploid elements throughout the arctic and alpine after melting-of the glacier ice. The greater genetic variability of polyploids in general, particularly when accompanied by ecotypic or species hybridization, provides greater adaptability to new ecological conditions (Johnson and Packer 1965; Stebbins 1984) . The polyploid races of A. angustifolia have been particularly successful in recolonizing previously glaciated areas.
The occurrence of arctic species, disjunct in the cordillera of western North America, and in extremely localized areas of northeastern North America, is very familiar (Fernald 1925; Schofield 1969) . HultCn (1949) has described the Scandinavian members of A. angustifolia as "glacier survivers." The survival of A, angustifolia in situ in coastal or nunatak-type refugia or in close proximity to their present-day sites would have created the complex distribution patterns seen today. Arnica Stems herbaceous, single or rarely branched, arising from a short branched rhizome covered in imbricate scales and leaf base remnants which may have tufts of long hairs in their axils, 0.5 to 5.4 dm high, sparsely to densely pilose, short stipitateglandular, becoming increasingly villous and glandular upwards; cauline leaves 1 to 5 pairs, simple, opposite, mostly from below middle of stem; upper leaves sessile and reduced; lower cauline leaves 3 to 20 times as long as wide, 2.0 to 14.5 cm long, 0.3 to 2.6 cm broad, the blades linear, narrowly to br~adly lanceolate to rarely oblanceolate, apex acute or acuminate, margins entire, denticulate or rarely dentate, petioles sessile, short and broad-winged or narrow-winged and shorter than the blade, glabrous to densely villous and stipitateglandular, 3 to 5 nerved; capitula erect, 1 to 3 (rarely 5), large, hemispheric to broadly hemispheric, 12.0 to 30.0 mm broad, 9.0 to 21.0 mm high; periclinium very conspicuous, moderately to densely white pilose, stipitate glands inconspicuous or dense; involucral bracts 9 to 22, biseriate, narrowly to broadly lanceolate to occasionally oblanceolate, apex acute, 6.5 to 17.6 mm long, 1.5 to 4.1 mm broad, densely to sparsely pilose throughout or evidently pilose at base becoming less so upwards, inconspicuously to obviously stipitate-glandular; ligulate florets 6 to 16, yellow, 10.0 to 40.0 mm long, 3.0 to 9.5 mm broad, 3-toothed, the lobes 0.2 to 7.0 mm long; disc florets yellow, 5.0 to 10.0 mm long, goblet-shaped, moderately to densely pilose, inconspicuously glandular or absent, the tube 1.9 to 4.1 mm long; anthers yellow, the base minutely auriculate; styles exserted, bifurcate, revolutely coiled, the tip somewhat broadened and truncate, the outer surface papillose; achenes cylindrical or tapered, 5 to 10 nerved, with a conspicuous white annulus at base, 3.1 to 7.6 mm long, densely hirsute throughout, inconspicuous or not at all glandular; pappus white, barbellate; plants of arctic, subarctic, or alpine habitats; chromosome number x = 19. Plants 0.6 to 2.0 (rarely 3.0) dm high; lower cauline leaves 3.5 to 10.5 cm long, 0.3 to 1.2 cm broad, narrowly lanceolate, apex acute, margins entire to rarely denticulate, petioles broadwinged and short, the leaves densely spreading woolly-villous; capitula solitary (rarely 3); ligulate florets 7 to 12, 14.5 to 30.0 mm long, the lobes 0.5 to 3.5 mm long; periclinium densely pilose and densely stipitate-glandular; achenes 4.5 to 7.6 mm long; chromosome number 2n = 57 and 76. DISTRIBUTION A N D HABITAT: Infrequent in the Mackenzie delta region of the Northwest Territories, becoming more common southward in the Rocky Mountains of Alberta, British Columbia, and Montana (Fig. 8) . Plants of bare rocky alpine slopes and subalpine meadows. Disjunct populations infrequent in exposed rocky areas and dry limestone barrens of northwestern Newfoundland. Generalized illustration Fig. 9 .
Taxonomic treatment
